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@  Selective  production  of  N-substituted  amides  by  use  of  CU(0)/metailic  oxides  catalyst  compositions. 

  This  invention  provides  a  process  for  the  selective 
conversion  of  aliphatic  and  aromatic  aminonitriles,  such  as 
epsilon-aminocapronitrile,  or  mixtures  of  a  primary  amine, 
MNHR2,  such  as  N-butylamine,  and  a  nitrile,  MCN,  such  as 
acetonitrile,  into  N-substituted  amides,  such  as  epsilon- 
caprolactam  or  N-butylacetamide,  employing  a  Cu(O)  cata- 
lyst  in  combination  with  oxides  of  a  Group  IVB,  VB  or  VIB 
metal  except  chromium.  The  present  invention,  also 
provided  a  method  of  preparing  a  catalyst  composition  com- 
prising  Cu(O),  substantially  free  of  oxidized  forms  of  Cu(O) 
and  finely  dispersed  in  oxides  of  a  metal  which  is  Ti,  Zr,  Hf, 
V,  Nb,  Ta,  Mo  or  W,  which  comprises  treating  a  substance 
comprising  oxidized  Cu  and  metal  oxides  with  hydrogen  at 
a  pressure  of  at  least  about  100  kPa  and  at  a  temperature 
greater  than  about  250° C  preferably  about  350°-450°C  for 
a  time  sufficient  to  produce  a  catalyst  composition  compris- 
ing  Cu(O),  substantially  free  of  oxidized  forms  of  Cu(O), 
finely  dispersed  in  the  metal  oxides.  The  present  invention 
also  contemplates  a  catalyst  composition  comprising  Cu(O), 
substantially  free  of  oxides  forms  of  Cu(O)  and  finely  dis- 
persed  in  oxides  of  Group  IVB,  VB  or  VIB  metals  except 
chromium. 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  the   s e l e c t i v e   c o n v e r s i o n  

of  a l i p h a t i c   and  a r o m a t i c   a m i n o n i t r i l e s ,   such   a s  

e p s i l o n - a m i n o c a p r o n i t r i l e ,   or  m i x t u r e s   of  a  p r i m a r y  

a m i n e ,   MNHR2,  such   as  N - b u t y l a m i n e ,   and  a  n i t r i l e ,   MCN, 

such   as  a c e t o n i t r i l e ,   i n t o   N - s u b s t i t u t e d   a m i d e s ,   such   a s  

e p s i l o n - c a p r o l a c t a m   or  N - b u t y l a c e t a m i d e ,   e m p l o y i n g   a  

Cu(O)  c a t a l y s t   in  c o m b i n a t i o n   w i t h   o x i d e s   of  a  G r o u p  

IVB,  VB  or  VIB  m e t a l   e x c e p t   c h r o m i u m .  

N - s u b s t i t u t e d   a m i d e s ,   e s p e c i a l l y   5,  6  and  7  mem-  

b e r e d   l a c t a m s ,   a r e   i m p o r t a n t   raw  m a t e r i a l s   fo r   n y l o n   4 ,  

5  and  6 .  

U .S .   P a t e n t   No.  2 , 3 5 7 , 4 8 4   ( E . L .   M a r t i n )   d i s c l o s e s   a  

v a p o r   p h a s e   p r o c e s s   fo r   p r e p a r i n g   c o m p o u n d s   c o n t a i n i n g  

t he   N - s u b s t i t u t e d   amide   g r o u p ,   fo r   e x a m p l e ,   e p s i l o n -  

c a p r o l a c t a m ,   by  p a s s i n g   a  v a p o r i z e d   m i x t u r e   of  w a t e r   a n d  

an  a l i p h a t i c   a m i n o - h y d r o g e n   c o n t a i n i n g   a m i n o n i t r i l e ,   o r  

a  n i t r i l e   and  p r i m a r y   or  s e c o n d a r y   amine   o v e r   a  d e h y d r a -  

t i o n   c a t a l y s t   such   as  a c t i v a t e d   a l u m i n a ,   s i l i c a   ge l   o r  

b o r o p h o s p h o r i c   a c i d .  

J a p a n e s e   P a t e n t   Nos.  3 1 5 4 2 ,   31543  and  31544  ( I .  

F u j i t a   et   a l . ,   1971)  d i s c l o s e   m e t h o d s   fo r   t he   p r e p a r a -  
t i o n   of  e p s i l o n - c a p r o l a c t a m   by  gas  p h a s e   c a t a l y z e d   r e a c -  
t i o n s   of  a  compound   of  the   g e n e r a l   f o r m u l a   X ( C H 2 ) 4 C O Y ,  
w h e r e i n   X  is  CH20H,  CHO,  C H ( O R ) ( O R ' ) ,   COOH,  COONH4, 

CONH2 or   COOR  and  w h e r e i n   Y  is  OH,  ONH4,  NH2,  

( C l - C 4 ) a l k y l ,   c y c l o h e x y l   or  OR,  w i t h   ammonia   a n d  



h y d r o g e n   and  in  some  c a s e s   s t e a m ,   in  t he   p r e s e n c e   of  a  

c o p p e r - m e t a l l i c   o x i d e   c a t a l y s t   wh ich   o p t i o n a l l y   may  c o n -  

t a i n   a  t h i r d   m e t a l   c o m p o n e n t   to  i n c r e a s e   t h e   c a t a l y t i c  

a c t i v i t y .   J a p a n e s e   P a t e n t   No.  31542  (1971)   d i s c l o s e s  

p r e p a r a t i o n   and  use  of  a  c o p p e r - v a n a d i u m   o x i d e   c a t a l y s t ;  

J a p a n e s e   P a t e n t   No.  31543  (1971)   d i s c l o s e s   p r e p a r a t i o n  

and  use   of  a  c o p p e r - t i t a n i u m   o x i d e   c a t a l y s t ;   a n d  

J a p a n e s e   P a t e n t   No.  31544  (1971)   d i s c l o s e s   p r e p a r a t i o n  

and  use   of  c o p p e r - m o l y b d e n u m   o x i d e   c a t a l y s t .   A l l   t h e  

w o r k i n g   e x a m p l e s   of  t h e s e   t h r e e   J a p a n e s e   P a t e n t s   d i s -  

c l o s e   p r e t r e a t i n g   a  c a t a l y s t   bed  of  c o p p e r   o x i d e - m e t a l  

o x i d e   m i x t u r e   w i t h   a  g a s e o u s   m i x t u r e   of  h y d r o g e n   a n d  

n i t r o g e n ,   and  t e a c h   t a k i n g   c a u t i o n   no t   to  l e t   t he   c a t a -  

l y s t   bed  t e m p e r a t u r e   e x c e e d   2 5 0 ° C .  

The  a b o v e - m e n t i o n e d   J a p a n e s e   P a t e n t s   d i s c l o s e   t h a t  

a  m i x t u r e   of  c o p p e r   o x i d e - m o l y b d e n u m   o x i d e   or  o t h e r  

m e t a l   o x i d e   be  r e d u c e d   by  h y d r o g e n   a t   1 5 0 ° - 5 0 0 ° C   b e f o r e  

use   in  t he   p r e p a r a t i o n   of  e p s i l o n   c a p r o l a c t a m   so  as  t o  

fo rm  a  c a t a l y s t   t h a t   is  b e l i e v e d   to  c o n t a i n   mos t   of  t h e  

c o p p e r   in  t he   m e t a l l i c   s t a t e .   H o w e v e r ,   t h i s   i s o l a t e d  

s t a t e m e n t   c o n t r a d i c t s   t he   t e a c h i n g   of  t he   w o r k i n g  

e x a m p l e s   of  t he   a b o v e - m e n t i o n e d   J a p a n e s e   P a t e n t s .  

SUMMARY  OF  THE  INVENTION 

In  a c c o r d a n c e   w i t h   t he   b r o a d e s t   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  p r o c e s s   f o r  

s e l e c t i v e   p r e p a r a t i o n   of  N - s u b s t i t u t e d   a m i d e s   w h i c h   c o m -  

p r i s e s   c o n t a c t i n g ,   in  t he   v a p o r   p h a s e ,   an  a l i p h a t i c   o r  

a r o m a t i c   a m i n o n i t r i l e   h a v i n g   t he   f o r m u l a   HR1N-D-CN 
w h e r e i n   D  is  a  d i v a l e n t   o r g a n i c   m o i e t y   a n d ,   w h e r e i n   R1 
is   ( C l - C 4 ) a l k y l   or  h y d r o g e n ,   or  m i x t u r e s   of  an  a m i n e  

h a v i n g   t he   f o r m u l a   M-NR2H,  w h e r e i n   R2  is  ( C l - C 4 ) a l k y l   o r  

h y d r o g e n   and  a  n i t r i l e   h a v i n g   the   f o r m u l a   M-CN,  w h e r e i n  

M  is  a  m o n o v a l e n t   o r g a n i c   m o i e t y ,   w i t h   an  e f f e c t i v e  

a m o u n t   of  a  Cu(O)  c a t a l y s t ,   s u b s t a n t i a l l y   f r e e   of  o x i -  

d i z e d   f o r m s   of  Cu,  in  c o m b i n a t i o n   w i t h   o x i d e s   of  a  m e t a l  

w h i c h   is   T i ,   Zr ,   Hf,  V,  Nb,  Ta,  Mo  or  W,  a t   a  

t e m p e r a t u r e   in  t he   r a n g e   of  a b o u t   200°  to  a b o u t   4 0 0 ° C  

and  a t   a  h y d r o g e n   p r e s s u r e   in  t he   r a n g e   of  a b o u t   0  t o  



a b o u t   500  kPa,   in  the   p r e s e n c e   o f :  

(a)  ammonia   in  an  amoun t   e q u a l   to  f rom  0  to  a b o u t  

50  mole  p e r c e n t   of  the   m o l a r   a m o u n t   of  o m e g a - a m i n o -  

n i t r i l e   or  amine   or  n i t r i l e   p r e s e n t ;   a n d  

(b)  w a t e r   in  an  amoun t   f rom  at  l e a s t   a b o u t   1 .0  t o  

a b o u t   50  t i m e s   the   m o l a r   amoun t   of  s a i d   a m i n o n i t r i l e   o r  

amine   or  n i t r i l e   p r e s e n t ;  
f o r   a  t ime   s u f f i c i e n t   to  p r o d u c e   the   c o r r e s p o n d i n g  

N - s u b s t i t u t e d   a m i d e .  

In  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   of  the   p r e s -  
en t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  p r o c e s s   fo r   t h e  

s e l e c t i v e   c o n v e r s i o n   of  an  a l i p h a t i c   or  a r o m a t i c   a m i n o -  

n i t r i l e   i n t o   the   c o r r e s p o n d i n g   l a c t a m   wh ich   c o m p r i s e s  

c o n t a c t i n g ,   in  t he   v a p o r   p h a s e ,   an  a l i p h a t i c   or  a r o m a t i c  

a m i n o n i t r i l e   h a v i n g   the   f o r m u l a   HRiN-D-CN  w h e r e i n   D  is  a  
d i v a l e n t   o r g a n i c   m o i e t y ,   and  w h e r e i n   R1  is   C1-C4  a l k y l  

or  h y d r o g e n ,   w i t h   an  e f f e c t i v e   a m o u n t   of  a  C u ( O )  

c a t a l y s t ,   s u b s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s   of  Cu,  i n  

c o m b i n a t i o n   w i t h   o x i d e s   of  a  m e t a l   w h i c h   is  T i ,   Zr,   H f ,  

V,  Nb,  Ta,  Mo  or  W,  at   a  t e m p e r a t u r e   in  t he   r a n g e   o f  

a b o u t   200°  to  a b o u t   400°C  and  at   a  h y d r o g e n   p r e s s u r e   i n  

t he   r a n g e   of  a b o u t   0  to  a b o u t   500  kPa  in  t he   p r e s e n c e  
o f :  

(a)  ammonia   in  an  a m o u n t   e q u a l   to  f rom  a b o u t   0  t o  

a b o u t   50  mole  p e r c e n t   of  the   a m i n o n i t r i l e   p r e s e n t ;   a n d  

(b)  w a t e r   in  an  a m o u n t   f rom  at   l e a s t   a b o u t   1 .0   t o  

a b o u t   50  t i m e s   the   m o l a r   amoun t   of  the   a m i n o n i t r i l e  

p r e s e n t ;  

fo r   a  t i m e   s u f f i c i e n t   to  p r o d u c e   the   c o r r e s p o n d i n g  

l a c t a m .  

In  a c c o r d a n c e   w i t h   s t i l l   a n o t h e r   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  c a t a l y s t   c o m p o s i -  

t i o n   c o m p r i s i n g   C u ( O ) ,   s u b s t a n t i a l l y   f r e e   of  o x i d i z e d  

f o r m s   of  C u ( O ) ,   f i n e l y   d i s p e r s e d   in  o x i d e s   of  a  m e t a l  

w h i c h   is  T i ,   Zr,   Hf,  V,  Nb,  Ta,  Mo  or  W. 

In  a c c o r d a n c e   w i t h   s t i l l   a  f u r t h e r   e m b o d i m e n t   o f  

the   p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  m e t h o d   o f  

p r e p a r i n g   a  c a t a l y s t   c o m p o s i t i o n   c o m p r i s i n g   C u ( O ) ,   s u b -  



s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s   of  Cu(O)  and  f i n e l y  

d i s p e r s e d   in  o x i d e s   of  a  m e t a l   wh ich   is  T i ,   Zr ,   Hf,  V ,  

Nb,  Ta,  Mo  or  W,  which   c o m p r i s e s   t r e a t i n g   a  s u b s t a n c e  

c o m p r i s i n g   o x i d i z e d   Cu  and  m e t a l   o x i d e s   w i t h   h y d r o g e n   a t  

a  p r e s s u r e   of  at   l e a s t   a b o u t   100  kPa  and  at   a  

t e m p e r a t u r e   g r e a t e r   t h a n   a b o u t   250°C  fo r   a  t i m e  

s u f f i c i e n t   to  p r o d u c e   a  c a t a l y s t   c o m p o s i t i o n   c o m p r i s i n g  

C u ( O ) ,   s u b s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s   of  C u ( O ) ,  

f i n e l y   d i s p e r s e d   in  t he   m e t a l   o x i d e s .  

DETAILED  DESCRIPTION  OF  THE  INVENTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  the   p r e p a r a -  
t i o n   of  c o m p o u n d s   c o n t a i n i n g   N - s u b s t i t u t e d   a m i d e s   i n  

h i g h   y i e l d   and  h i g h   s e l e c t i v i t y   s t a r t i n g   f rom  a l i p h a t i c  

or  a r o m a t i c   a m i n o n i t r i l e s   or  l o w e r   a l k e n y l   or  l o w e r  

a l k y l ,   p r i m a r y   or  s e c o n d a r y   o r g a n i c   a m i n e s   a d m i x e d   w i t h  

l o w e r   a l k e n y l   or  l o w e r   a l k y l   n i t r i l e s .   I t   is  a  s p e c i a l  

f e a t u r e   of  t he   p r e s e n t   i n v e n t i o n   t h a t   t he   h i g h   c o n v e r -  

s i o n s   of  a m i n o n i t r i l e s   or  a d m i x t u r e s   of  a m i n e s   a n d  

n i t r i l e s   may  be  a c h i e v e d   w i t h   h i g h   s e l e c t i v i t y   w i t h o u t  

the   i n i t i a l   i n d u c t i o n   p e r i o d   of  low  s e l e c t i v i t y  

e x p e r i e n c e d   in  t h e   p r i o r   a r t   by  e m p l o y i n g   a  c o p p e r   c a t a -  

l y s t   s u b s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s   of  c o p p e r   ( I )  

and  c o p p e r   ( I I ) .   W h i l e   t he   p r i o r   ( J a p a n e s e   R e f e r e n c e s )  

a r t   t e a c h e s   p r e t r e a t m e n t   of  the   c o p p e r / m e t a l l i c   o x i d e  

c a t a l y s t s ,   f o r   e x a m p l e ,   c o p p e r / v a n a d i u m   c a t a l y s t   w i t h  

h y d r o g e n   at   a  t e m p e r a t u r e   no t   to  e x c e e d   2 5 0 ° C ,   we  h a v e  

s u r p r i s i n g l y   f o u n d   t h a t   fo r   p r e t r e a t m e n t   of  t h e  

c o p p e r / v a n a d i u m   o x i d e   c a t a l y s t ,   a  t e m p e r a t u r e   in  e x c e s s  

of  2 5 0 ° ,   p r e f e r a b l y   a b o u t   350°  to  450°C  is   s u p e r i o r .   By 

o p e r a t i n g   in  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n ,   we 

have   d i s c o v e r e d   t h a t ,   at   c o n v e r s i o n s   g r e a t e r   t h a n   90%,  

an  a l i p h a t i c   a m i n o n i t r i l e ,   such   as  e p s i l o n - a m i n o -  

c a p r o n i t r i l e ,   is  c o n v e r t e d   i n t o   t he   c o r r e s p o n d i n g   l a c t a m  

w i t h   s e l e c t i v i t i e s   a p p r o a c h i n g   100%  by  use  of  an  e f f e c -  

t i v e   a m o u n t   of  a  Cu(O)  c a t a l y s t ,   s u b s t a n t i a l l y   f r e e   o f  

o x i d i z e d   f o r m s   of  c o p p e r ,   in  c o m b i n a t i o n   w i t h   t he   o x i d e s  

of  a  m e t a l   such   as  t h o s e   of  Group   IVB,  VB  and  VIB  e x c e p t  



c h r o m i u m   at  a  t e m p e r a t u r e   r a n g i n g   f rom  a b o u t   200°  t o  

400°C  in  the   p r e s e n c e   of  w a t e r   v a p o r   and  o p t i o n a l l y  

ammonia   a n d / o r   h y d r o g e n .  

The  c a t a l y s t   c o m p o s i t i o n s   of  the   p r e s e n t   i n v e n t i o n  

c o m p r i s i n g   C u ( O ) ,   s u b s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s  

of  c o p p e r ,   and  f i n e l y   d i s p e r s e d   in  the   m e t a l   o x i d e s   a r e  

p r e p a r e d   by  a d m i x i n g   a  c o p p e r   c o m p o u n d ,   such   a s  

i n o r g a n i c   c o p p e r   n i t r a t e ,   s u l f a t e ,   c a r b o n a t e ,   c h l o r i d e ,  

h y d r o x i d e   or  o r g a n i c   c o p p e r   c o m p o u n d s ,   such   as  c o p p e r  

a c e t a t e   or  c o p p e r   o x a l a t e   w i t h   a  Group   IVB  m e t a l  

c o m p o u n d s   such   as  i n o r g a n i c   or  o r g a n i c   c o m p o u n d s   o f  

t i t a n i u m   c o m p o u n d s ,   e . g . ,   t i t a n i c   a c i d ,   t i t a n i u m   o r  

t i t a n i u m   o x a l a t e ,   Group   VB  m e t a l   c o m p o u n d s ,   such   a s  

i n o r g a n i c   or  o r g a n i c   v a n a d i u m ,   e . g ,   ammonium  v a n a d a t e   o r  

v a n a d i u m   a c e t a t e ,   or  Group  VIB  i n o r g a n i c   or  o r g a n i c  

m e t a l   s a l t s   of  m o l y b d e n u m   and  t u n g s t e n   bu t   no t   c h r o m i u m  

for   t ime   s u f f i c i e n t   to  form  a  s o l i d   wh ich   is  p u l v e r i z e d  

d r i e d   and  c a l c i n e d   in  o x y g e n - c o n t a i n i n g   gas  such   as  a i r  

at   e l e v a t e d   t e m p e r a t u r e .   The  p u l v e r i z e d   o x i d i z e d   m i x -  

t u r e   of  m e t a l   o x i d e s   n o r m a l l y   e x i s t s   in  t he   h i g h e s t   o x i -  

d a t i o n   s t a t e   of  c o p p e r   and  m e t a l   o x i d e s .   I t   is  a  

s p e c i a l   f e a t u r e   of  the   p r e s e n t   i n v e n t i o n   t h a t   t h e  

m i x t u r e   of  m e t a l   o x i d e s   is  t h e r e a f t e r   p r e t r e a t e d   w i t h  

h y d r o g e n   at   a  p a r t i a l   p r e s s u r e   of  at   l e a s t   a b o u t   100  k P a  

and  at  a  t e m p e r a t u r e   g r e a t e r   t h a n   a b o u t   2 5 0 ° ,   p r e f e r a b l y  

350  to  450°C  fo r   a  t ime   s u f f i c i e n t   to  form  a  c a t a l y s t  

c o m p o s i t i o n   c o m p r i s i n g   C u ( 0 ) ,   s u b s t a n t i a l l y   f r e e   o f  

o x i d i z e d   f o r m s   of  c o p p e r   (O)  f i n e l y   d i s p e r s e d   in  t h e  

m e t a l   o x i d e s .   The  p r e f e r r e d   h y d r o g e n   p r e s s u r e   is  in  t h e  

r a n g e   of  a b o u t   100  to  2 , 0 0 0   kPa ,   p r e f e r a b l y   100  to  2 , 0 0 0  

k P a .  

The  r e a c t i o n   c o n d i t i o n s   in  the   p r e t r e a t m e n t   s t e p  

such   as  r e a c t i o n   t ime   and  t e m p e r a t u r e   a re   s e l e c t e d   t o  

p r o d u c e   a  c a t a l y s t   c o m p o s i t i o n   c a p a b l e   of  h i g h   c o n v e r -  

s i o n ,   i . e . ,   at  l e a s t   90%  of  an  a l i p h a t i c   or  a r o m a t i c  

a m i n o n i t r i l e   or  an  a d m i x t u r e   of  amine   and  n i t r i l e   i n t o  

the   c o r r e s p o n d i n g   N - s u b s t i t u t e d   a m i d e  a t   a  s e l c t i v i t y  

( f o r   a m i d e )   of  at  l e a s t   90%.  For  the   c o p p e r / t i t a n i u m  



o x i d e s   c a t a l y s t ,   any  t e m p e r a t u r e   in  t he   r a n g e   of  g r e a t e r  

t h a n   a b o u t   250°  to  a b o u t   400°C  and  r e l a t i v e l y   l o n g ,  

e . g . ,   a b o u t   57  h o u r s   r e a c t i o n   t i m e s   p r o d u c e d   a  

C o p p e r / t i t a n i u m   o x i d e s   c a t a l y s t   t h a t   e x h i b i t e d   more  t h a n  

80%  of  s e l e c t i v i t y   to  e p s i l o n   c a p r o l a c t a m   a t   more  t h a n  

90%  c o n v e r s i o n .   For  t he   c o p p e r / v a n a d i u m   o x i d e s  

c a t a l y s t ,   v e r y   l o n g   r e a c t i o n   t i m e s ,   e . g . ,   695  h o u r s ,   a n d  

h i g h e r   t e m p e r a t u r e s   in  t he   r a n g e   of  a b o u t   3 5 0 ° - 4 0 0 ° C  

were   r e q u i r e d   in  t he   p r e t r e a t m e n t   s t e p   to  p r o d u c e   a  

c a t a l y s t   s y s t e m   e x h i b i t i n g   at   l e a s t   90%  s e l e c t i v i t y   a t  

h i g h   c o n v e r s i o n   ( a b o u t   98%).   Compare   Runs  11-3   o f  

T a b l e s   Ia  and  Ib  w i t h   Runs  # 9 - 1 4   of  T a b l e s   I I a   and  I I b .  

W h i l e   t he   c a t a l y s t   c o m p o s i t i o n s   of  t he   p r e s e n t  

i n v e n t i o n ,   in  t he   form  of  f i n e l y   d i s p e r s e d   c o p p e r   in  t h e  

m e t a l   o x i d e s ,   may  be  p r e p a r e d   by  t he   m e t h o d   d e s c r i b e d  

h e r e i n a b o v e ,   o t h e r   m e t h o d s   such   as  t r e a t m e n t   w i t h   s t r o n g  

r e d u c i n g   a g e n t s   a r e   a l s o   c o n s i d e r e d   w i t h i n   t he   s c o p e   o f  

t he   p r e s e n t   i n v e n t i o n .  

Among  t h e   Group   IVB  c o m p o u n d s   f o u n d   u s e f u l   in  t h e  

p r o c e s s   of  p r e p a r i n g   the   c a t a l y s t s   c o m p o s i t i o n   of  t h e  

p r e s e n t   i n v e n t i o n   a re   i n o r g a n i c   and  o r g a n i c   c o m p o u n d s   o f  

t i t a n i u m ,   z i r c o n i u m   and  h a f n i u m ,   t h e i r   2 , 4 - p e n t a n e d i o -  

a t e s ,   c a r b o n y l s ,   ( C l - C 1 0 ) a l k o x i d e s ,   ( e s p e c i a l l y  m e t h -  

o x i d e s ,   e t h o x i d e s ,   p r o p o x i d e s   and  n - ,   s e c -   and  t e r t -  

b u t o x i d e s ) ,   h a l i d e s   ( c h l o r i d e s ,   b r o m i d e s ,   f l u o r i d e s   a n d  

i o d i d e s ) ,   o x i d e s ,   s u l f a t e s   and  mixed   s a l t s   t h e r e o f ,  

( e s p e c i a l l y   o x i d e - h a l i d e s ,   o x i d e - a l k o x i d e s ,   c a r b o n y l -  

h a l i d e s ,   o x i d e - s u l f a t e s ,   and  o x i d e s - 2 , 4 - p e n t a n e d i o -  

a t e s ) .   E x e m p l a r y   of  t he   u s e f u l   Group   IVB  c o m p o u n d s   a r e  

t he   i n o r g a n i c   t i t a n i u m   m a t e r i a l s ,   f o r   e x a m p l e   t i t a n i c  

a c i d ,   ammonium  t i t a n a t e ,   t i t a n i u m   n i t r a t e ,   t i t a n i u m  

h a l i d e s   such   as  t i t a n i u m   c h l o r i d e ,   b r o m i d e   or  i o d i d e ,  

t i t a n i u m   s u l f i d e ,   t i t a n i u m   s u l f a t e ,   and  o r g a n i c   t i t a n i u m  

s a l t s   such   as  t i t a n i u m   ( C l - C 2 0 ) a l k a n o a t e   or  a l k a n e d i o -  

a t e ,   e . g . ,   t i t a n i u m   a c e t a t e   or  t i t a n i u m   o x a l a t e   a n d  

t i t a n i u m   2 , 4 - p e n t a n e d i o a t e .  

Among  t he   u s e f u l   mixed   s a l t s   a re   T i ( C O ) C l 4 ,  

T i C l 3 ( O C 2 H 5 ) ,   T i O [ O 2 C ( C H 2 ) 3 C O 2 ] ,   T i C l 2 ( O C 2 H 5 ) 2 '  



T i C l ( O C 2 H 5 ) 3 ,   TiOSO4,   T i O C l 2 ,   Z r C l 3 ( O - i - C 3 H 7 ) ,   Z r O C l 2 ,  

Z r C l 2 ( O - i - C 4 H 9 ) 2 ,   Z rOS04 ,   Z r ( C O ) C l 4 ,   Z r O [ O 2 C ( C H 2 ) 3 C O 2 ] ,  

H f C l ( O - i - C 3 H 7 ) 3 ,   H f C l 2 ( O - t - C 4 H 9 ) 2 ,   H f C l 3 ( O - i - C 5 H 1 1 ) ,  

HfOS04,   H f ( C O ) C l 4 ,   H f O C l 2 .  

Among  the   Group  VB  c o m p o u n d s   f o u n d   u s e f u l   in  p r e p -  

a r a t i o n   in  the   c a t a l y s t s   c o m p o s i t i o n   of  t he   p r e s e n t  

i n v e n t i o n   a re   i n o r g a n i c   and  o r g a n i c   c o m p o u n d s   of  t h e  

v a n a d i u m ,   n i o b i u m   and  t a n t a l u m   such   as  t h e i r   n i t r a t e s ,  

o x i d e s ,   s u l f a t e s ,   h a l i d e s   ( c h l o r i d e s ,   b r o m i d e s ,   i o d i d e s ,  

or  f l u o r i d e s ) ,   c a r b o n y l s ,   2 , 4 - p e n t a n e d i o a t e s ,   ( C 1 - C 1 0 ) -  

a l k o x i d e s ,   e s p e c i a l l y   m e t h o x i d e s ,   e t h o x i d e s ,   p r o p o x i d e s  

and  b u t o x i d e s ) ,   ( C 1 - C 2 0 ) a l k a n o a t e s ,   and  mixed   s a l t s   s u c h  

as  o x i d e - h a l i d e s ,   o x i d e - ( C 1 - C 1 0 ) a l k o x i d e s ,   and  c a r b o n y l -  

h a l i d e s ,   o x i d e - s u l f a t e s ,   and  o x i d e - 2 , 4 - p e n t a n e d i o a t e s .  

Among  the   Group   VIB  m e t a l   c o m p o u n d s   of  m o l y b d e n u m  

and  t u n g s t e n   bu t   no t   c h r o m i u m   f o u n d   u s e f u l   in  t he   p r e p -  
a r a t i o n   of  c a t a l y s t   c o m p o s i t i o n   of  t he   p r e s e n t   i n v e n t i o n  

a re   t h e i r   n i t r a t e s ,   o x i d e s ,   s u l f a t e s ,   h a l i d e s   ( c h l o -  

r i d e s ,   b r o m i d e s ,   i o d i d e s ,   or  f l u o r i d e s ) ,   c a r b o n y l s ,   2 , 4 -  

p e n t a n e d i o a t e s ,   ( C 1 - C 1 0 ) a l k o x i d e s ,   ( e s p e c i a l l y ,   m e t h -  

o x i d e s ,   e t h o x i d e s ,   p r o p o x i d e s   and  n - ,   s e c -   and  t e r t -  

b u t o x i d e s ) ,   ( C 1 - C 2 0 ) a l k a n o a t e s ,   and  mixed   s a l t s   such   a s  

o x i d e - h a l i d e s ,   o x i d e - ( C 1 - C 1 0 ) a l k o x i d e s ,   o x i d e - s u l f a t e s ,  

and  c a r b o n y l - h a l i d e s ,   and  o x i d e - 2 , 4 - p e n t a n e d i o a t e s .  

Among  the   c o p p e r   c o m p o u n d s   f o u n d   u s e f u l   in  t h e  

p r e p a r a t i o n   of  t he   c a t a l y s t   c o m p o s i t i o n   of  t he   p r e s e n t  
i n v e n t i o n   a re   i n o r g a n i c   c o p p e r   c o m p o u n d s   such   as  c o p p e r  

n i t r a t e ,   c o p p e r   s u l f a t e ,   c o p p e r   c a r b o n a t e ,   c o p p e r   c h l o -  

r i d e ,   c o p p e r   h y d r o x i d e   and  o r g a n i c   c o p p e r   c o m p o u n d s   s u c h  

as  c o p p e r   ( C l - C 2 0 ) a l k a n o a t e ,   or  a l k a n e d i o a t e ,   e . g . ,  

c o p p e r   a c e t a t e ,   c o p p e r   o x a l a t e   and  o t h e r   o r g a n i c   s a l t s  

of  c o p p e r .  
The  p r e f e r r e d   c a t a l y s t   c o m p o s i t i o n   of  t he   p r e s e n t  

i n v e n t i o n   c o m p r i s e   Cu(O)  s u b s t a n t i a l l y   f r e e   of  o x i d i z e d  

f o r m s   of  c o p p e r   Cu(0)   f i n e l y   d i s p e r s e d   in  m e t a l   o x i d e s  

or  a  m e t a l   o x i d e   such  as  t h o s e   of  t i t a n i u m ,   v a n a d i u m   a n d  

m o l y b d e n u m   w h i l e   a  m e t a l   o x i d e   such   as  T i02   or  V203  o r  

MoO3  may  be  u s e d ,   mixed   o x i d e s   of  t i t a n i u m   such   a s  



T i 0 / T i 0 2 / T i 2 o 3   may  c o n v e n i e n t l y   be  e m p l o y e d .   T h e  

c a t a l y s t   c o m p o s i t i o n s   of  t he   p r e s e n t   i n v e n t i o n   a r e  
s e l e c t i v e   fo r   t he   f o r m a t i o n   of  N - s u b s t i t u t e d   a m i d e s   a n d  

l a c t a m s   o n l y   when  t h e y   a r e   s u b j e c t e d   to  p r e t r e a t m e n t   a t  

a  t e m p e r a t u r e   of  g r e a t e r   t h a n   a b o u t   2 5 0 ° ,   p r e f e r a b l y   i n  

t he   r a n g e   of  a b o u t   350°  to  450°C  and  at   a  h y d r o g e n  

p r e s s u r e   of  a t   l e a s t   a b o u t   100  kPa  f o r   a  t i m e   s u f f i c i e n t  

fo r   t he   c a t a l y s t   c o m p o s i t i o n   to  l o s e   t he   c a p a b i l i t y   t o  

c a t a l y z e   h y d r o g e n a t i o n   r e q u i r e d   in  t he   c a s e   of  c a t a l y s t  

s y s t e m s   d i s c l o s e d   by  the   J a p a n e s e   P a t e n t   Nos.   3 1 5 4 2 - 4 4  

( 1 9 7 1 )   to  I.  F u g i t a   e t   a l .  

The  p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   fo r   t he   h i g h l y  
s e l e c t i v e   p r o d u c t i o n   of  a c y l i c   and  c y c l i c   N - s u b s t i t u t e d  

a m i d e s   is  c o n v e n i e n t l y   o p e r a t e d   by  p l a c i n g   the   c a t a l y s t  

c o m p o s i t i o n s   of  t he   p r e s e n t   i n v e n t i o n   in  t he   form  o f  

p e l l e t s   c o n v e n i e n t l y   g r o u n d   to  a  2 0 / 3 0   mesh  in  a  f l o w  

r e a c t o r .   The  a c t i v a t i o n   or  p r e t r e a t m e n t   of  t he   c a t a l y s t  

c o m p o s i t i o n s   of  t he   p r e s e n t   i n v e n t i o n   by  t h e i r   r e d u c t i o n  

to  c o p p e r   Cu(O)  in  s u b s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s  

of  c o p p e r   is  c o n v e n i e n t l y   e f f e c t e d   in  t he   f l o w   r e a c t o r  

u s e d   f o r   t he   p r e p a r a t i o n   of  N - s u b s t i t u t e d   a m i d e s .  

T e m p e r a t u r e s   in  t he   r a n g e   of  a b o u t   200°  to  4 0 0 ° C ,  

p r e f e r a b l y   a b o u t   250°  to  a b o u t   350°C  a re   a d e q u a t e   f o r  

t he   p r e p a r a t i o n   of  N - s u b s t i t u t e d   a m i d e s .   C o n t a c t   t i m e s  

a r e   no t   c r i t i c a l .   C o n t a c t   t i m e s   of  a b o u t   1  to  a b o u t   5 

s e c o n d s   a r e   p r e f e r r e d .  

The  r e a c t i o n   fo r   the   p r e p a r a t i o n   of  N - s u b s t i t u t e d  

a m i d e s   may  be  c o n d u c t e d   in  the   a b s e n c e   or  in  t h e  

p r e s e n c e   of  h y d r o g e n .   H y d r o g e n   p r e s s u r e s   in  t he   r a n g e  
of  a b o u t   0  to  a b o u t   500  kPa  and  e s p e c i a l l y   50  to  a b o u t  

200  kPa  a r e   p r e f e r r e d .   Ammonia  may  be  p r e s e n t   in  a n  
a m o u n t   e q u a l   to  a b o u t   0  to  a b o u t   50  mol  p e r c e n t   of  t h e  

a m i n o n i t r i l e   s u c h   as  e p s i l o n - a m i n o c a p r o n i t r i l e   or  l o w e r  

a l k y l   or  a l k e n y l   a m i n e s   or  l o w e r   a l k e n y l   or  l o w e r   a l k y l  
n i t r i l e s .   W a t e r   may  be  p r e s e n t   in  t he   r e a c t i o n   m i x t u r e  

in  an  a m o u n t   f rom  at   l e a s t   a b o u t   1 .0   to  a b o u t   50  t i m e s  

t h e   m o l a r   a m o u n t   of  a m i n o n i t r i l e   or  amine   or  n i t r i l e  

p r e s e n t .  



W a t e r   in  c o m b i n a t i o n   w i t h   p r i m a r y   or  s e c o n d a r y  

a m i n o n i t r i l e   or  a  m i x t u r e   of  a  l o w e r   a l k e n y l   or  a l k y l  

p r i m a r y   or  s e c o n d a r y  a m i n e   and  a  l o w e r   a l k e n y l   or  l o w e r  

a l k y l   n i t r i l e   i s   i n t r o d u c e d   in  the   form  of  v a p o r   i n t o  

t he   r e a c t i o n   zone  o p t i o n a l l y   t o g e t h e r   w i t h   g a s e o u s  

ammonia   and  h y d r o g e n .   P r e f e r a b l y   the   p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   is  c a r r i e d   o u t   a t   a  h y d r o g e n   p r e s s u r e  
in  t he   r a n g e   of  a b o u t   50  to  a b o u t   200  kPa ,   so  as  t o  

m a i n t a i n   t he   c o p p e r   c a t a l y s t s   in  t he   c o p p e r   z e r o   s t a t e ,  

s u b s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s   of  c o p p e r   t h e r e b y  

a c h i e v i n g   h i g h   c o n v e r s i o n s   and  a l m o s t   a  100%  s e l e c t i v i t y  

to  t he   N - s u b s t i t u t e d   amide   fo r   a  l ong   t i m e .  

The  a l i p h a t i c   or  a r o m a t i c   a m i n o n i t r i l e s   u s e f u l   i n  

the   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   have   t he   f o r m u l a  

HR1N-D-CN  w h e r e i n   D  i s  a   d i v a l e n t   o r g a n i c   m o i e t y   h a v i n g  

the   f o r m u l a :  

w h e r e i n   X  is  O  or  NR'  or  o r t h o - p h e n y l e n e ,   w h e r e i n   R'  a n d  

R"  a r e   i n d e p e n d e n t l y   h y d r o g e n   or  ( C 1 - C 8 ) a l k y l   o r  

( C 1 - C 8 ) a l k e n y l   or  ( C 1 - C 8 ) a l k y l o x y a l k y l ,   and  w h e r e i n   n  + 

m  =  3,  4,  or  5  and  w h e r e i n   p  is   0  or  1  and  w h e r e i n   t h e  

c o r r e s p o n d i n g   N - s u b s t i t u t e d   amide   is  a  l a c t a m   a n d  

w h e r e i n   R1  is   ( C I - C 4 ) a l k y l   or  h y d r o g e n .  
The  o r t h o p h e n y l e n e s   have   the   f o r m u l a :  

w h e r e i n   R'  and  R"  a r e   h y d r o g e n ,   C l - C 3   a l k y l   and  w h e r e i n  

a+b  a re   s e l e c t e d   so  t h a t   a+b  =  1 - 3 .  

Among  t he   amino   n i t r i l e s   f o u n d   e s p e c i a l l y   u s e f u l   i n  
the   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   a r e   H 2 N - ( C H 2 ) 3 - C N ,  

H 2 N - ( C H 2 ) Q - C N ,   H 2 N - ( C H 2 ) 5 C N ,   H ( C H 3 ) N - ( C H 2 ) 3 - C N ,  

H ( C 2 H 5 ) N - ( C H 2 ) 3 - C N ,   H ( n - C 3 H 7 ) N - ( C H 2 ) 3 - C N ,  

H ( i - C 4 H 9 ) N - ( C H 2 ) 3 - C N ,   H ( C H 3 ) N - ( C H 2 ) 4 - C N ,  

H ( C 2 H 5 ) N - ( C H 2 ) 4 - C N ,   H ( i - C 3 H 7 ) N - ( C H 2 ) 4 - C N ,  



H ( n - C 4 H 9 ) N - ( C H 2 ) 4 - C N ,   H ( C H 3 ) N - ( C H 2 ) 5 - C N ,  

H ( C 2 H 5 ) N - ( C H 2 ) 5 - C N ,   H ( i - C 3 H 7 ) N - ( C H 2 ) 5 - C N   a n d  

H ( n - C 4 H 7 ) N - ( C H 2 ) 5 - C N ,   H 2 N - ( C H 2 ) 2 - O ( C H 2 ) 6 - C N ,  

l e n e s   such   as  o - H 2 N - ( C H 2 ) 2 - C 6 H 4 - C H 2 - C N ,   o - H 2 N - C H 2 - C 6 H 4 -  
CN  or  o - H 2 N - C H 2 - C H ( C H 3 ) - C 6 H 4 - C H 2 C N   or  amino   a l k y l o x y  

a l k y l n i t r i l e s   such   a s  

O t h e r   a m i n o n i t r i l e s   o b v i o u s   in  v iew  of  t h i s   d i s c l o s u r e  

a r e   c o n s i d e r e d   w i t h i n   t he   s c o p e   of  t he   p r e s e n t   i n v e n t i o n  

so  l o n g   as  t he   a l i p h a t i c   or  a r o m a t i c   a m i n o n i t r i l e   a n d  

c o r r e s p o n d i n g   l a c t a m   have   v a p o r   p r e s s u r e   s u f f i c i e n t   t o  

r e m a i n   in  t he   g a s e o u s   s t a t e   u n d e r   t he   c o n d i t i o n s   of  t h e  

p r e s e n t   i n v e n t i o n .   The  p r e f e r r e d   a m i n o n i t r i l e s   a r e  

H 2 N - ( C H 2 ) n C N   w h e r e i n   n  is  3,  4  or  5 .  

The  l o w e r   a l k y l   and  l o w e r   a l k e n y l   a m i n e s   f o u n d   u s e -  

f u l   in  t he   p r e s e n t   i n v e n t i o n   a r e   p r i m a r y   and  s e c o n d a r y  
a m i n e s   h a v i n g   the   f o r m u l a   MNHR2  w h e r e i n   M  is  a  m o n o -  

v a l e n t   o r g a n i c   m o i e t y   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

( C 2 - C a ) a l k e n y l ,   ( C 1 - C 8 ) a l k y l ,   or  N,  N  di  (C1-C8  a l k y l )  

amino   ( C 1 - C 8 ) a l k y l   or  ( C 1 - C 8 ) a l k y l o x y   ( C 1 - C 8 ) a l k y l   a n d  

w h e r e i n   R2  is  ( C I - C 4 ) a l k y l ,   such   as  m e t h y l ,   e t h y l ,   n -  

and  i - p r o p y l   and  n - ,   s e c -   and  t e r t - b u t y l ,   or  h y d r o g e n .  

E x e m p l a r y   l o w e r   a l k y l   and  l o w e r   a l k e n y l   a m i n e s  

f o u n d   p a r t i c u l a r l y   u s e f u l   in  the   p r o c e s s   of  the   p r e s e n t  
i n v e n t i o n   a re   m e t h y l ,   e t h y l ,   p r o p y l ,   b u t y l ,   p e n t y l ,  

h e x y l ,   h e p t y l ,   o c t y l ,   and  i s o m e r s   t h e r e o f ;   e t h e n y l ,  

p r o p e n y l ,   b u t e n y l ,   p e n t e n y l ,   h e x e n y l ,   h e p t e n y l ,  

o c t e n y l a m i n e s   and  i s o m e r s   t h e r e o f ;   N , N ( d i - l o w e r  

a l k y l ) a m i n e   such   as  N - N - d i m e t h y l a m i n o m e t h y l a m i n e ;   a n d  

l o w e r   a l k y l   o x y a l k y l a m i n e s   such   as  3 - ( e t h y l o x y ) p r o p y l  

a m i n e ,   2 - ( i s o b u t y l o x y ) e t h y l a m i n e .  

The  l o w e r   a l k y l   and  l o w e r   a l k e n y l   n i t r i l e s   f o u n d  

u s e f u l   in  t he   p r e s e n t   i n v e n t i o n   have   the   f o r m u l a   MCN 

w h e r e i n   M  is   a  m o n o v a l e n t   o r g a n i c   m o i e t y   as  d e f i n e d  



h e r e i n a b o v e .   E x e m p l a r y   n i t r i l e s   f o u n d   u s e f u l   in  t h e  

p r e s e n t   i n v e n t i o n   i n c l u d e :   CH3CN,  CH3CH2CN,  (CH3)2CHCN,  

CH3(CH2)2CN  CH3(CH2)3CN,   CH3CH2C(CH3)HCH2CN,  

CH3(CH2)5CN,   CH3(CH2)6CN,   CH3(CH2)7CN  and  C H 3 ( C H 2 ) 3 -  

C(CH2CH3)HCN,  CH3CH=CHCH2CN,  CH2=CHCH2CN,  CH3CH2CH=CHCN, 

CH2=CHCH2CH2CN,  CH3CH2CH=CH(CH2)3CN,  C H 3 ( C H 2 ) 2 0 ( C H 2 ) 3 C N  
and  CH30CH2CH2CN. 

E x p e r i m e n t a l  

E x a m p l e   1 

C u / T i   C a t a l y s t   P r e p a r a t i o n  

A  c a t a l y s t   c o m p o s e d   of  c o p p e r   and  t i t a n i u m   was  p r e -  

p a r e d   by  m o d i f y i n g   a  p r o c e d u r e   in  J a p a n e s e   P a t e n t   N o .  

31543  ( 1 9 7 1 ) .  

T i 2 ( C 2 0 4 ) 3   (50  g)  was  d i s s o l v e d   i n t o   92  mL  o f  

H20.  To  t h i s   was  added   the   s o l u t i o n   p r e p a r e d   by  d i s -  

s o l v i n g   C u ( N 0 3 ) 2   ·3H2O  (48  g)  i n t o   92  mL  of  H20.  T h e  

m i x t u r e   was  s t i r r e d   at  room  t e m p e r a t u r e   for   a b o u t   30 

m i n u t e s .   The  s o l i d   was  t h e n   f i l t e r e d .   The  r e s u l t a n t  

c a k e   was  d r i e d   at   90°C,   and  40  g  of  a  l i g h t   b l u e   s o l i d  

was  o b t a i n e d .   I t   was  p u l v e r i z e d   and  s i e v e d   t h r o u g h   a n  

80  mesh  s i e v e   and  t h e n   c a l c i n e d   in  a  s t r e a m   of  a i r   a t  

the   f o l l o w i n g   t i m e - t e m p e r a t u r e   p r o g r a m :  

E l e m e n t a l   A n a l y s i s :   C u  -   27%,  T i  -   8% 

X - r a y   A n a l y s i s   (ESCA):  Cu+2;  T i + 4  

E x a m p l e   2 

C o n v e r s i o n   of  E - A m i n o c a p r o n i t r i l e   to  e - C a p r o l a c t a m  
T h i s   E x a m p l e   i l l u s t r a t e s   the   p r o c e d u r e   for   the   e -  

a m i n o c a p r o n i t r i l e   c o n v e r s i o n   to  e - c a p r o l a c t a m   u s i n g   t h e  

C u - T i   c a t a l y s t   p r e p a r e d   as  d e s c r i b e d   in  E x a m p l e   1.  T h e  

c a t a l y s t   a f t e r   the   c a l c i n a t i o n   s t e p   was  p e l l e t i z e d   ( 4 0 0 0  

p s i g )   and  g r o u n d   to  2 0 / 3 0   mesh .   The  r e s u l t i n g   c a t a l y s t  

(6  mL,  5 . 5 2   g)  was  p l a c e d   in  a  g l a s s   f l ow  r e a c t o r   on  t o p  
of  a  g l a s s   f r i t t e d   d i s c .   Q u a r t z   c h i p s   (2  g ) ,   u sed   f o r  

v a p o r i z a t i o n   and  d i s p e r s i o n   of  the   r e a c t a n t s   d u r i n g   t h e  

r u n ,   were  p l a c e d   on  top   of  the   c a t a l y s t .   The  c a t a l y s t  



was  r e d u c e d   u s i n g   a  gas  at   low  H2/N2  r a t i o   wh ich   w a s  

r a i s e d   g r a d u a l l y   to  100%  H2  w h i l e   t he   c a t a l y s t   t e m p e r a -  

t u r e   was  a l s o   g r a d u a l l y   r a i s e d   f rom  room  t e m p e r a t u r e   t o  

2 5 0 ° C .   The  f i n a l   c o n d i t i o n s   were   m a i n t a i n e d   f o r   a  s h o r t  

d u r a t i o n   ( u s u a l l y   1  h o u r ) ,   at   w h i c h   p o i n t   the   t e m p e r a -  

t u r e   was  i n c r e a s e d   to  t he   r e a c t i o n   t e m p e r a t u r e   of  3 0 0 ° C  

and  the   a p p r o p r i a t e   gas  and  r e a c t a n t   l i q u i d   f e e d   w e r e  

s t a r t e d .  

The  gas  f l ow  and  f e e d   c o n d i t i o n s   w e r e :  

H 2  -   15  gas   mL/min   ( 5 2 . 3 % )  

NH3 -   4  gas   mL/min   ( 1 4 . 0 % )  

6 - a m i n o c a p r o n i t r i l e  -   5 .9   x  10-3   l i q u i d   mL/min  ( 3 . 8 % )  

H 2 0  -   6.9  x  10 -3   l i q u i d   mL/min  (30%) 

C o n t a c t   t i m e  -   6 .6   s e c .  

The  gas   f l o w s   were   r e g u l a t e d   by  a p p r o p r i a t e   T y l a n  

f l o w   c o n t r o l l e r s .   The  l i q u i d   r e a c t a n t s   were   d e l i v e r e d  

by  Sage  s y r i n g e   pumps .   The  p r o d u c t s   were  c o l l e c t e d   i n  

r o u n d - b o t t o m   f l a s k s   ( k e p t   a t   Dry  Ice   t e m p e r a t u r e s )   w i t h  

gas   r e l e a s e   s i d e - a r m s .   P r o d u c t   s a m p l e s   were  d i l u t e d  

w i t h   m e t h a n o l ,   and  t r i g l y m e   was  used   as  gc  s t a n d a r d   f o r  

q u a n t i t a t i v e   a n a l y s i s .   The  r e s u l t s   a re   s u m m a r i z e d   i n  

T a b l e s   Ia  and  I b .  

The  c a t a l y s t   was  r e m o v e d   f rom  the   r e a c t o r   a f t e r   t h e  

run  and  was  f o u n d   to  be  Cu(O)  by  X - r a y   d i f f r a c t i o n ;   n o  

C u ( I )   or  C u ( I I )   was  f o u n d .  



A f t e r   e a c h   r u n ,   the   o r g a n i c   s u b s t r a t e   f e e d   v a l v e  

was  c l o s e d   and  the   c a t a l y s t   was  t r e a t e d   in  same  a p p a r a -  
t u s   fo r   6-10  h o u r s   u n d e r   c o n d i t i o n s   of  p r e v i o u s   r u n .  

T h e n ,   the   v a l v e   fo r   o r g a n i c   s u b s t r a t e   f e e d   was  o p e n e d  

and  the   new  run  was  s t a r t e d .   Thus  a f t e r   Run  #5,  t h e  

o r g a n i c   s u b s t r a t e   f e e d   was  s t o p p e d   and  the   c a t a l y s t   w a s  

t r e a t e d   at   290°C  fo r   10  h o u r s   w i t h   H2  and  NH3  and  H2O. 
B e t w e e n   Runs  #6  and  7,  N2  and  NH3  and  H20,  bu t   not   H2 

or  e - a m i n o c a p r o n i t r i l e   were  fed  to  the   r e a c t o r .   T h u s ,  

the   sum  of  t he   Run  t i m e s   r e f l e c t s   t he   t o t a l   c o n t a c t   t i m e  

of  c a t a l y s t   w i t h   the   o r g a n i c   s u b s t r a t e .  



E x a m p l e   3 

Cu/V  C a t a l y s t   P r e p a r a t i o n  

A  c a t a l y s t   c o m p o s e d   of  c o p p e r   and  v a n a d i u m   was  p r e -  

p a r e d   by  m o d i f y i n g   a  p r o c e d u r e   in  J a p a n e s e   P a t e n t   N o .  

3 1 5 4 2 - 1 9 7 1 .  

C U ( N 0 3 ) 2   ·3H2O  (130  g)  was  d i s s o l v e d   i n t o   250  mL  o f  

H20.  To  t h i s   was  added   the   s o l u t i o n   p r e p a r e d   by  d i s -  

s o l v i n g   NH4VO3  (70  g)  i n t o   H20  ( a t   80°C)  c o n t a i n i n g  

NH40H  (15  mL).  The  s o l i d   t h u s   o b t a i n e d   was  t h e n   f i l -  

t e r e d .   The  r e s i d u e   was  d r i e d   at   110°C  fo r   a b o u t   10 

h o u r s ,   p u l v e r i z e d   and  c a l c i n e d   in  a  s t r e a m   of  a i r   at  t h e  

f o l l o w i n g   t i m e - t e m p e r a t u r e   p r o g r a m :  

E x a m p l e   4 

The  p r o c e d u r e   and  a p p a r a t u s   of  E x a m p l e   2  w e r e  

e m p l o y e d   to  c o n v e r t   e - a m i n o c a p r o n i t r i l e   i n t o   e - c a p r o -  
l a c t a m   in  the   p r e s e n c e   of  t he   Cu/V  c a t a l y s t   p r e p a r e d   a s  

d e s c r i b e d   in  E x a m p l e   3.  The  r e s u l t s   a r e   s u m m a r i z e d   i n  



T a b l e s   I I a   and  l I b .  

E x a m p l e s   5  and  6 

T h e s e   E x a m p l e s   ( r u n s   #16 ,   17)  i l l u s t r a t e   r e d u c t i o n  

of  the   c o p p e r   in  t he   Cu/V  c a t a l y s t   of  E x a m p l e   3  to  C u ( O )  

and  use  of  same  for   c o n v e r s i o n   of  ε - a m i n o c a p r o n i t r i l e  

i n t o   ε - c a p r o l a c t a m   at  h i g h   t e m p e r a t u r e .   A f t e r   t h e  

c a t a l y s t   and  q u a r t z   c h i p s   were  p l a c e d   in  the   r e a c t o r   o f  



E x a m p l e   4  as  b e f o r e ,   t he   c a t a l y s t   p r e - t r e a t m e n t   w a s  
i n i t i a t e d   u s i n g   a  gas  at   low  H2/N2  r a t i o   wh ich   w a s  

r a i s e d   g r a d u a l l y   to  100%  H2  w h i l e   t he   c a t a l y s t  

t e m p e r a t u r e   was  a l s o   g r a d u a l l y   r a i s e d   f rom  r o o m  

t e m p e r a t u r e   to  400°C .   T h e s e   c o n d i t i o n s   (400°C  and  100% 

H2)  were   m a i n t a i n e d   fo r   a  p e r i o d   of  o v e r   two  d a y s .   T h e  

r e a c t o r   t e m p e r a t u r e   was  t h e n   a d j u s t e d   to  290°C  fo r   r e a c -  

t i o n .   T h i s   h i g h   t e m p e r a t u r e   c a t a l y s t   p r e - t r e a t m e n t  
r e n d e r e d   the   c a t a l y s t   h i g h l y   s e l e c t i v e   to  c a p r o l a c t a m  

f o r m a t i o n   i m m e d i a t e l y .   C o p p e r ,   at   t he   z e r o   v a l e n t   o x i -  

d a t i o n   s t a t e ,   was  d e t e r m i n e d   fo r   t h i s   a c t i v a t e d   c a t a l y s t  

at   t he   end  of  the   r e a c t i o n   by  X - r a y   d i f f r a c t i o n .   T h e  

r e s u l t s   a r e   s u m m a r i z e d   in  T a b l e s   I I I a   and  b .  

T h e s e   E x a m p l e s   d e m o n s t r a t e   t h a t   a  h i g h e r   p r e t r e a t -  

ment   t e m p e r a t u r e   is  n e e d e d   fo r   Cu/V  s y s t e m   to  p r o d u c e   a  

c a t a l y s t   t h a t   is  h i g h l y   s e l e c t i v e   fo r   f o r m a t i o n   of  l a c -  

t am.   In  E x a m p l e   4,  tne   Cu/V  c a t a l y s t   o n l y   a c h i e v e d   90% 

S e l e c t i v i t y   to  l a c t a m   a f t e r   695  h o u r s   ( c u m u l a t i v e   r e a c -  



t i o n   t ime   of  r u n s   9 - 1 4 ) .   I t   is  b e l i e v e d   t h a t   once   t h e  

c a t a l y s t   is  t a k e n   to  the   s e l e c t i v e   s t a t e   (as  shown  by  % 

s e l e c t i v i t y   and  run  t i m e s   in  Run  #14  &  15  and  16  a n d  

1 7 ) ,   the   c a t a l y s t   w i l l   m a i n t a i n   t h a t   s t a t e   p r o v i d e d   a t  

l e a s t   some  h y d r o g e n   is  p r e s e n t   in  the   r e a c t i o n   z o n e .  

E x a m p l e   7 

Cu/Mo  C a t a l y s t   P r e p a r a t i o n  

A  c a t a l y s t   c o m p o s e d   of  c o p p e r   and  m o l y b d e n u m   w a s  

p r e p a r e d   by  m o d i f y i n g   the  p r o c e d u r e s   found   in  J a p a n e s e  

P a t e n t   Nos.   31544  (1971)   and  4794  ( 1 9 7 3 ) .  

(NH4)6Mo7O24  .4H20  (213  g)  was  d i s s o l v e d   i n t o   H 2 0  

(50°C)   c o n t a i n i n g   c o n c .   NH4OH  (250  mL)  and  d i l u t e d   t o  

900  mL.  The  s o l o t i o n   was  h e a t e d   at   65°C  fo r   a b o u t   10 

m i n u t e s .  

To  t h i s   was  added   the   s o l u t i o n   p r e p a r e d   by  d i s s o l v -  

ing  C u ( N O 3 ) 2   ·3H2O  (263  g)  i n t o   H20  (80°C)  and  d i l u t e d  

to  900  mL.  The  r e s u l t i n g   m i x t u r e   was  a l l o w e d   to  s t a n d  

for   20  m i n u t e s .   The  s o l i d   was  f i l t e r e d   and  washed   t w i c e  

w i t h   H20  (50  mL).  I t   was  p l a c e d   in  an  oven   at  110°C  f o r  

8  h o u r s ,   p u l v e r i z e d   and  c a l c i n e d   in  a  s t r e a m   of  a i r   a t  

the   f o l l o w i n g   t i m e - t e m p e r a t u r e   p r o g r a m :  

E l e m e n t a l   A n a l y s i s :   C u  -   19 .7%,   Mo -   51% 

X - r a y   A n a l y s i s   (ESCA) :  Cu+2;   Mo+6 

E x a m p l e   8 

The  p r o c e d u r e   and  a p p a r a t u s   of  E x a m p l e   2  w e r e  

e m p l o y e d   to  c o n v e r t   ε - a m i n o c a p r o n i t r i l e   i n t o   ε - c a p r o -  
l a c t a m   in  the   p r e s e n c e   of  the  Cu/Mo  c a t a l y s t   p r e p a r e d   a s  

d e s c r i b e d   in  E x a m p l e   7.  The  r e s u l t s   a re   s u m m a r i z e d   i n  

T a b l e s   IVa  and  b .  





EXAMPLES  9 - 1 8  

In  the   f o l l o w i n g   E x a m p l e s   the   c a t a l y s t   and  p r o c e s s  

of  E x a m p l e s   5  and  6  a re   r e p e a t e d   in  t he   same  a p p a r a t u s  

e x c e p t i n g   t h a t   a p p r o x i m a t e l y   e q u i m o l a r   m i x t u r e s   o f  

a m i n e ,   MNHR2,  and  n i t r i l e ,   MCN  is  u sed   as  i n d i c a t e d   i n  

t he   f o l l o w i n g   t a b l e .  

S i m i l a r   r e s u l t s   to  t h o s e   r e p o r t e d   in  E x a m p l e s   5 - 8  

a re   e x p e c t e d .  

I t   w i l l   be  a p p a r e n t   t h a t   v a r i o u s   m o d i f i c a t i o n s   a r e  

p o s s i b l e   w i t h i n   the   s p i r i t   of  t he   i n v e n t i o n   a n d  

t h e r e f o r e   i t   is  u n d e r s t o o d   t h a t   t he   i n v e n t i o n   s h a l l   n o t  

be  l i m i t e d   by  the   above   E x a m p l e s   bu t   o n l y   i n s o f a r   as  i t  

b e c o m e s   n e c e s s a r y   by  the   l i m i t a t i o n s   r e c i t e d   in  t h e  

a p p e n d e d   c l a i m s   t a k e n   in  l i g h t   of  t he   p r i o r   a r t .  



1.  A  p r o c e s s   fo r   s e l e c t i v e   p r e p a r a t i o n   of  N - s u b -  

s t i t u t e d   a m i d e s   wh ich   c o m p r i s e s   c o n t a c t i n g ,   in  the   v a p o r  

p h a s e ,   an  a l i p h a t i c   or  a r o m a t i c   a m i n o n i t r i l e   h a v i n g   t h e  

f o r m u l a   HRIN-D-CN  w h e r e i n   D  is  a  d i v a l e n t   o r g a n i c   m o i e t y  

a n d ,   w h e r e i n   R1  is  ( C l - C 4 ) a l k y l   or  h y d r o g e n ,   or  m i x t u r e s  

of  an  amine   h a v i n g   the   f o r m u l a   M-NR2H,  w h e r e i n   R2  i s  

( C l - C 4 ) a l k y l   or  h y d r o g e n ,   and  a  n i t r i l e   h a v i n g   the   f o r -  

mula   M-CN  w h e r e i n   M  is  a  m o n o v a l e n t   o r g a n i c   m o i e t y ,   w i t h  

an  e f f e c t i v e   a m o u n t   of  a  Cu(O)  c a t a l y s t ,   s u b s t a n t i a l l y  

f r e e   of  o x i d i z e d   f o r m s   of  Cu,  in  c o m b i n a t i o n   w i t h   o x i d e s  

of  a  m e t a l   w h i c h   is  T i ,   Zr ,   Hf,  V,  Nb,  Ta,  Mo  or  W,  at   a  

t e m p e r a t u r e   in  t he   r a n g e   of  a b o u t   200°  to  a b o u t   4 0 0 ° C  

and  a t   a  h y d r o g e n   p r e s s u r e   in  t he   r a n g e   of  a b o u t   0  t o  

a b o u t   500  kPa ,   in  t he   p r e s e n c e   o f :  

(a)  ammonia   in  an  a m o u n t   e q u a l   to  f rom  0  to  a b o u t  

50  mole   p e r c e n t   of  t he   m o l a r   a m o u n t   of  s a i d   a m i n o n i t r i l e  

or  amine   or  n i t r i l e   p r e s e n t ;   a n d  

(b)  w a t e r   in  an  a m o u n t   f rom  at   l e a s t   a b o u t   1 .0   t o  

a b o u t   50  t i m e s   the   m o l a r   a m o u n t   of  s a i d   a m m o n i t r i l e   o r  

amine   or  n i t r i l e   p r e s e n t   f o r   a  t i m e   s u f f i c i e n t   to  p r o -  
duce   t he   c o r r e s p o n d i n g   N - s u b s t i t u t e d   a m i d e .  

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t he   h y d r o g e n  

p r e s s u r e   is   m a i n t a i n e d   at   a  v a l u e   s u f f i c i e n t   to  m a i n t a i n  

the   Cu(O)  c a t a l y s t   s u b s t a n t i a l l y   f r e e   of  C u ( I )   a n d / o r  

C u ( I I ) .  

3.  The  p r o c e s s   of  c l a i m   2  w h e r e i n   t h e   h y d r o g e n  

p r e s s u r e   is  m a i n t a i n e d   a t   a  v a l u e   in  the   r a n g e   of  a b o u t  

50  to  a b o u t   200  k P a .  

4.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e   m e t a l   o x i d e s  

a r e   o x i d e s   of  t i t a n i u m .  

5.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d   Cu(O)  c a t a -  

l y s t   in  c o m b i n a t i o n   w i t h   s a i d   m e t a l   o x i d e s   is  p r e t r e a t e d  

w i t h   h y d r o g e n   at   a  t e m p e r a t u r e   g r e a t e r   t h a n   2 5 0 ° C .  

6.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t he   d i v a l e n t  

o r g a n i c   m o i e t y   D  has  t he   f o r m u l a  

w h e r e i n   X  is  O  or  NR'  or  o r t h o - p h e n y l e n e ,  



w h e r e i n   R'  and  R"  a re   i n d e p e n d e n t l y   h y d r o g e n   o r  

( C 1 - C 8 ) a l k y l   or  ( C 1 - C 8 ) a l k e n y l   or  ( C l - C a ) a l k y l o x y a l k y l ,  
a n d  

w h e r e i n   n  +  m  =  3,  4,  or  5  and  w h e r e i n   p  is  0  or  1 

and  w h e r e i n   the   c o r r e s p o n d i n g   N - s u b s t i t u t e d   amide   is  a  

l a c t a m ;   and  w h e r e i n   the   m o n o v a l e n t   o r g a n i c   m o i e t y   M  i s  

i n d e p e n d e n t l y   ( C 1 - C 8 ) a l k y l ,   or  ( C 2 - C 8 ) a l k e n y l ,   or  N ,  

N [ d i ( C 1 - C 8 ) a l k y l ] a m i n o   ( C 1 - C 8 ) a l k y l   or  ( C l -  

C 8 ) a l k y l o x y ( C 1 - C 8 ) a l k y l .  
7 .   A  p r o c e s s   fo r   t he   s e l e c t i v e   c o n v e r s i o n   o f  

a l i p h a t i c   and  a r o m a t i c   a m i n o n i t r i l e s   i n t o   t he   c o r r e -  

s p o n d i n g   l a c t a m s   wh ich   c o m p r i s e s   c o n t a c t i n g ,   in  t h e  

v a p o r   p h a s e ,   an  a l i p h a t i c   or  a r o m a t i c   a m i n o n i t r i l e   h a v -  

ing  t he   f o r m u l a   HR1N-D-CN  w h e r e i n   D  is  a  d i v a l e n t  

o r g a n i c   m o i e t y   and ,   w h e r e i n   R1  is  ( C l - C 4 ) a l k y l   or  h y d r o -  

g e n ,   w i t h   an  e f f e c t i v e   a m o u n t   of  a  Cu(O)  c a t a l y s t ,   s u b -  

s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s   of  Cu,  in  c o m b i n a t i o n  

w i t h   o x i d e s   of  a  m e t a l   w h i c h   is   T i ,   Zr,   Hf,   V,  Nb,  T a ,  

Mo  or  W,  at   a  t e m p e r a t u r e   in  t he   r a n g e   of  a b o u t   200°  t o  

a b o u t   400°C  and  at   a  h y d r o g e n   p r e s s u r e   in  t he   r a n g e   o f  

a b o u t   0  to  a b o u t   500  kPa  in  t he   p r e s e n c e   o f :  

(a)  ammonia   in  an  a m o u n t   e q u a l   to  a b o u t   0  to  a b o u t  

50  mole   p e r c e n t   of  t he   a m i n o n i t r i l e   p r e s e n t ;   a n d  

(b)  w a t e r   in  an  a m o u n t   f rom  a t   l e a s t   a b o u t   1 .0   t o  

a b o u t   50  t i m e s   the   m o l a r   a m o u n t   of  t he   a m i n o n i t r i l e  

p r e s e n t  

f o r   a  t i m e   s u f f i c i e n t   to  p r o d u c e   t he   c o r r e s p o n d i n g  

l a c t a m .  

8.  The  p r o c e s s   of  c l a i m  7   w h e r e i n   t he   a m i n o -  

n i t r i l e   is  e p s i l o n - a m i n o c a p r o n i t r i l e .  

9.  A  m e t h o d   of  p r e p a r i n g   a  c a t a l y s t   c o m p o s i t i o n  

c o m p r i s i n g   C u ( O ) ,   s u b s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s  

of  Cu(O)  and  f i n e l y   d i s p e r s e d   in  o x i d e s   of  a  m e t a l   w h i c h  

is  T i ,   Zr,   Hf,   V,  Nb,  Ta,  Mo  or  W,  w h i c h   c o m p r i s e s  

t r e a t i n g   a  s u b s t a n c e   c o m p r i s i n g   o x i d i z e d   Cu  and  m e t a l  

o x i d e   w i t h   h y d r o g e n   at   a  p r e s s u r e   of  a t   l e a s t   a b o u t   1 0 0  

kPa  and  a t   a  t e m p e r a t u r e   g r e a t e r   t h a n   a b o u t   250°C  fo r   a  

t i m e   s u f f i c i e n t   to  p r o d u c e   a  c a t a l y s t   c o m p o s i t i o n  



c o m p r i s i n g   C u ( O ) ,   s u b s t a n t i a l l y   f r e e   of  o x i d i z e d   f o r m s  

of  C u ( O ) ,   f i n e l y   d i s p e r s e d   in  t he   m e t a l   o x i d e .  
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